labyrinthine approach in cases in which there was a severe hearing deficit and a posterior fossa approach in cases in which there was useful hearing. The purpose of this retrospective study was to evaluate the results of these operations and to compare them with results found in the literature associated with the translabyrinthine, translabyrinthine-transtentorial, and posterior fossa approaches.
Clinical Material and Methods

Patient Population
In the period between January 1986 and January 1999, 248 operations were performed on cerebellopontine angle tumors at our medical center. In 144 of these operations, the combined translabyrinthine-transtentorial approach was applied. In addition to the 120 acoustic neuromas, found lesions consisted of 15 meningiomas, two neuromas of the fifth and 12th cranial nerves, two ependymomas, a clivus chordoma, an epidermoid tumor, a cholesteatoma, a chondrosarcoma, and an astrocytoma. The series presented in this paper is restricted to 120 acoustic neuromas in which the minimum extrameatal diameter was 2 cm. each patient's hearing was assessed to be Class C or D according to the American Academy of Otolaryngology, Head and Neck Surgery hearing classification system. 3 The mean age of these patients was 49 years, with a range of 21 to 75 years. Sixty-two patients were women and 58 were men. Sixty-two of the acoustic neuromas were located on the right side and 58 were located on the left side. Almost half of the patients suffered from a fifth cranial nerve deficit, and 15 patients had hydrocephalus requiring preoperative ventricular drainage. The majority of the tumors were large (Table 1) : 99 were larger than 3 cm in diameter and 23 tumors were 5 cm or larger.
Surgical Procedure
The procedure begins with the installation of a lumbar drainage system. The patient is placed in a semidorsal position with the body slightly elevated on the affected side. The patient's head is rotated away from the tumor to a nearly lateral position. A C-shaped temporal and retroauricular incision is made, allowing exposure of the mastoid process and the temporal squama. After elevation of a soft-tissue flap, an enlarged translabyrinthine procedure is performed. This approach is well known but is described here in somewhat more detail for the sake of clarity. An atticomastoidectomy is performed, followed by blue lining the mastoidal and tympanic part of the facial nerve (that is, removing the bone around the fallopian canal until only a thin layer of bone remains). The cortical bone over the sigmoid sinus, the superior petrosal sinus, and the middle and posterior fossae are removed. A labyrinthectomy is then performed during which the lateral aspect of the internal auditory canal is completely uncovered. After the vertical crest is identified in the fundus, it is easy to locate the superior and inferior vestibular nerves as well as the facial and cochlear nerves. The vestibular and cochlear nerves are transected and displaced medially. A plane of cleavage can be made between the facial nerve on the one side and the tumor and vestibular and cochlear nerves on the other side.
The surgical exposure is continued by creating a small temporal trepanation. The dura covering the temporal lobe is opened. Next, the lumbar drain is opened, facilitating the optimum exposure of the basal aspect of the temporal lobe. The opening of the dura is extended toward the tentorium. The connection between the petrosal sinus and the sigmoid sinus is interrupted, and the tentorium is opened onto the hiatus, taking care not to damage the trochlear nerve. Figure 1 shows an overview of the situation after this stage of the procedure. The temporal veins draining into the sigmoid sinus should be carefully protected. In particular, overstretching should be avoided.
This approach will allow a wide exposure of the tumor from its superior to inferior aspects, as illustrated in Figs. 2 and 3. Debulking of the tumor is performed from both extensions. The surgeon may choose to resect the tumor away from the brainstem and away from the internal auditory canal. If the tumor becomes too hemorrhagic to allow adequate exposure of the facial nerve at one side of the tumor, the resection can be continued at the other side. Since 1991, a facial nerve monitoring system has been used (NIM-2 nerve monitor; Xomed-Treace, Jacksonville, FL). This device has facilitated the identification of the facial nerve at the site of the brainstem.
Prior to closure, the incus is removed. It is stored for later use in reconstructive middle-ear surgery. Special effort is made to minimize the possibility of postoperative CSF leakage. To that end, the method has been slightly modified. Cerebrospinal fluid leakage is prevented by obliteration of the attic with pieces of temporal muscle that have been soaked in fibrin glue. Moreover, access to the attic is sealed off by placement of a piece of remodeled cortical bone taken from the temporal bone. The dura mater over the temporal lobe is closed and the temporal bone flap is replaced. The temporal dura is sutured to a piece of fascia taken from the temporal muscle or to a piece of Lyoplant (B. Braun, Melsungen, Germany). This fascia (or Lyoplant) is then folded into the surgical defect in the temporal bone. On top of this, the cavity is filled with pieces of abdominal fat, which are then affixed with fibrin glue. The incision is sutured in layers. Lumbar drainage is maintained postoperatively for 3 to 5 days.
Results
Operative Results
Complete tumor removal was achieved in 110 patients (91.7%), as ascertained by intraoperative judgment of the surgeons and by the results of postoperative CT or MR imaging. In 10 patients (8.3%), tumor removal was subtotal, leaving some minor pieces of tumor in place. Reasons for subtotal removal included advanced patient age,
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Translabyrinthine-transtentorial approach for acoustic neuromas a special effort not to jeopardize the function of the facial nerve, and technical reasons specific to the surgery. Table  2 shows that the facial nerve was anatomically preserved in 97 (80.8%) of the 120 patients. Despite this preservation, nerve function did not return in two of these patients. A facial-hypoglossal nerve communication was surgically created in these patients approximately 1 year after tumor resection in the hope of restoring facial muscle activity. In four patients (3.3%) the facial nerve had already been excised during previous surgical procedures. Seventy patients underwent surgery since the introduction of facial nerve monitoring in 1991; anatomical preservation of the facial nerve was obtained in 63 (90%) of them.
Postoperative Complications
Postoperative complications occurred in 47 patients, as shown in Table 3 . These complications were transient in all but four patients who required antiepilepsy medication for symptomatic temporal lobe epilepsy, which was subsequently controlled. These patients were the only ones who experienced permanent sequelae. No death was directly related to the surgery. However, one patient with an otherwise uneventful postoperative course died 4 weeks after surgery as a result of a massive pulmonary embolus. The most frequently occurring complication was CSF leakage, which was sometimes accompanied by bacterial meningitis. Revised surgery was required in three patients who experienced CSF rhinorrhea and in three others in whom CSF leakage through the scalp wound was observed. In 13 patients CSF leakage through the scalp wound was treated with lumbar drainage. Some patients presented with postoperative trochlear and abducent nerve disorders, but all recovered within a couple of weeks. A mild aphasia, attributed to temporal lobe dysfunction, was noted in 12 of 58 patients who harbored left-sided acoustic neuromas. No aphasia was noted in the other 62 patients who harbored right-sided acoustic neuromas. A hemiparesis was observed in five patients. All but one of these patients recovered within 4 weeks; in that patient, it took 3 months for the aphasia to subside completely.
Facial Nerve Function at Follow Up
In 97 of the 120 patients, the facial nerve was anatomically preserved during the operation. Because one did not participate in follow-up review, 96 patients were available for facial nerve evaluation. Follow-up periods ranged from 8 months to 2 years. As Table 4 indicates, in 54 (56.2%) of the 96 patients recovery of facial nerve function with House-Brackmann 10 Grade I or II was achieved. Thirteen patients (13.5%) were observed to have Grade III function, 16 (16.7%) Grade IV, five (5.2%) Grade V, and eight (8.3%) Grade VI function. Of the patients assigned Grade V or VI, 10 underwent plastic surgery. In 19 (15.8%) of the 120 patients the facial nerve was excised during operation. In eight of them (6.7% of total) a facial-hypoglossal nerve communication was surgically created. Eventually, Grade III function was achieved in three of these patients and Grade IV in four. In one patient, there was no long-term evaluation. An interposition of a sural nerve graft was performed in six cases (5%). Three of these patients had Grade III function, two had Grade IV function, and in one patient there was no long-term follow-up review. An end-to-end nerve communication was surgically created in five patients, four of whom had Grade III function and one of whom had Grade IV function. In four patients (3.3%), the facial nerve had been excised during previous surgery. Table 4 illustrates the results of surgery after the facial nerve stimulator was introduced. When the nerve stimulator was used, recovery of facial nerve function with a House-Brackmann Grade I or II occurred in 44 (72.1%) of 61 patients.
Discussion
The introduction of the operating microscope during the 1960s and computer-assisted imaging in the 1980s revolutionized the treatment and diagnosis of acoustic neuromas. The postoperative status of patients treated since the 1960s has improved greatly over the years. Several standards have been introduced in surgical procedures. There is general agreement that resection should be as complete as possible, because the long-term effect of subtotal resections appears to be disappointing. 24 However, the literature seldom contains mention of whether the extent of resection was assessed by the surgeon or by means of CT or MR imaging. Gantz and colleagues 6 and Pollock, et al., 17 have reported extents of resection measuring 98% and 100% and tumor recurrence rates of 2% and 3%, respectively, according to postoperative CT or MR imaging.
Other authors have reported extents of tumor removal ranging from 77 to 99%, with recurrence rates of 0 to 8%. 1, 2, 4, 5, [7] [8] [9] [12] [13] [14] 19, 20, [22] [23] [24] [25] However, the authors of these studies do not state whether the extent of resection was judged by the surgeon alone or by using postoperative CT or MR imaging as well.
Various procedures have been developed to achieve these results, such as operations via the suboccipital, translabyrinthine, and middle fossa routes. It is now accepted that each of these procedures may have its own indication. Although a high level of expertise has been achieved using these approaches in most centers and postoperative disability has become relatively rare, current approaches still may result in complications. A recent multicenter study by Wiegand, et al., 25 reviewed translabyrinthine, posterior fossa, middle fossa, and combined approaches in 1579 patients, the majority of whom harbored a tumor sized 2 cm or less. In that study, only 3% of patients had preserved or improved hearing at the time of hospital discharge. Balance and gait disturbances deteriorated after surgery in 30% of patients, whereas 50% of patients had normal facial nerve function after surgery. In the long term, 64% of patients demonstrated normal facial nerve function. However, these authors did not specify tumor size or surgical approach for those patients in whom long-term facial nerve function was achieved.
In view of the potential complications, surgical approaches have been modified in several ways. In the translabyrinthine approach, tumor exposure is attained by drilling away the mastoid process and the labyrinthine structures. Although this removal results in deafness of the affected ear, the modification permits a reliable identification of the facial nerve lateral to the tumor and may thus contribute to the anatomical preservation of the facial nerve. Posterior cranial fossa procedures, including the suboccipital and retrosigmoidal approaches, preserve the inner ear because the tumor is exposed by removing bone behind the mastoid process and the sigmoid sinus. These exposures provide an opportunity to preserve hearing, but require direct retraction of the cerebellum, particularly in larger tumors. Moreover, the distal cranial nerves are at risk because they are localized in the surgical access route. The middle cranial fossa approach permits visualization of the tumor from above after retraction of the temporal lobe. This approach is only applied in the treatment of small tumors 6, 7, 25 because the size of the surgical field is limited.
A combined subtemporal-translabyrinthine approach, as presented by Morrison and King 15 in 1973, combines the advantages of a translabyrinthine route with visualization of the tumor from above. This enables early identification of the proximal end of the facial nerve after debulking the tumor mass. The major disadvantage of this method is that it causes deafness in the affected ear. However, in patients in whom tumors are medium-sized or large, preservation of hearing is rarely feasible using the posterior approach. We decided to apply the translabyrinthine-transtentorial approach to acoustic neuromas exceeding 2 cm in size. As mentioned earlier, other cerebellopontine angle tumors have been treated using this route. Because the majority of these tumors (120 of 144) were acoustic neuromas, we focused only on these tumors in the present study. Smaller tumors were surgically treated using the posterior cranial fossa or translabyrinthine approach, depending on the patient's level of preoperative hearing. Certain advantages and disadvantages such as incidence of CSF fistulas, infection, facial nerve dysfunction, and other neurological complications are still being ascribed to different approaches. However, the complication rate appears to be rather similar. A review of the literature provides proof that the best results are achieved by the method with which the surgical team is most familiar. In our series, 2.5% of the patients had to undergo repeated surgery because of CSF leakage. In the literature, this figure ranges from 0 to 14%. 1, 2, 4, 5, [7] [8] [9] 11, 13, 17, 18, 23 Another complication is meningitis, which occurred in 9.2% in our series; in the literature, the incidence varies between 1% and 7%. 1, 2, [4] [5] [6] [7] 9, 11, 13, 14, 16, 18, 20, [23] [24] [25] Although there were no deaths directly attributable to surgery in our series, one patient died of a massive pulmonary embolus 4 weeks after undergoing uncomplicated surgery. The facial nerve was anatomically preserved in 80.8% of patients in our series. This rate improved after introduction of facial nerve monitoring, resulting in a preservation rate of 94%. Figures reported in the literature range from 64 to 99%. 1, 2, [4] [5] [6] [7] [8] [9] [11] [12] [13] [14] 16, 17, 19, [21] [22] [23] Recovery of facial nerve function to the level of House-Brackmann Grade I or II occurred in 56.3% of patients before and 72.1% of patients after introduction of facial nerve monitoring. In the literature, these results range between 31% and 88%. 2, 5, 6, 8, 9, [12] [13] [14] 16, 19, [21] [22] [23] [24] [25] A mild transient aphasia has been a complication in 12 patients who harbored left-sided acoustic neuromas. We think that this complication can be attributed to a slight degree of congestion of the temporal veins draining into the sigmoid sinus. The vein of Labbé is variable in size and not always clearly identifiable. We encountered temporal basal veins in most patients in whom the vein of Labbé was small or could not be recognized. Although the aphasia was transient in all patients, we considered it important to protect these draining veins from injury and overstretching. The results and complications presented here are comparable to those found in the literature and are more or less the same as those found in patients in whom the (modified) translabyrinthine, suboccipital, retrosigmoidal, or middle fossa approach is used. Therefore, we present the translabyrinthine-transtentorial approach as an alternative. The surgical procedure starts as a translabyrinthine approach, which can be extended by adding the subtemporal route. This method can be used to gain a wider view in cases of large tumors, in which the translabyrinthine approach is less appropriate. We conclude that the combined translabyrinthine-transtentorial approach is a safe route for removing acoustic neuromas with a diameter of 2 cm or greater.
